The efficient operation of shallow groundwater (SGW) monitoring networks is crucial to water supply, inland water protection, agriculture and nature conservation. In the present study, the spatial representativity of such a monitoring network in an area that has been thoroughly impacted by anthropogenic activity (river diversion/damming) is assessed, namely the Szigetköz adjacent to the River Danube. The main aims were to assess the spatial representativity of the SGW monitoring network in different discharge scenarios, and investigate the directional characteristics of this representativity, i.e. establish whether geostatistical anisotropy is present, and investigate how this changes with flooding. After the subtraction of a spatial trend from the time series of 85 shallow groundwater monitoring wells tracking flood events from 2006, 2009 and 2013, variography was conducted on the residuals, and the degree of anisotropy was assessed to explore the spatial autocorrelation structure of the network. Since the raw data proved to be insufficient, an interpolated grid was derived, and the final results were scaled to be representative of the original raw data. It was found that during floods the main direction of the spatial variance of the shallow groundwater monitoring wells alters, from perpendicular to the river to parallel with it for over a period of about two week. However, witht the passing of the flood, this returns to its original orientation in~2 months. It is likely that this process is related first to the fast removal of clogged riverbed strata by the flood, then to their slower replacement. In addition, the study highlights the importance of assessing the direction of the spatial autocorrelation structure of shallow groundwater monitoring networks, especially if the aim is to derive interpolated maps for the further investigation or modeling of flow.
Introduction
The proper assessment of water quality monitoring data is crucial to maintaining an environment in a close to natural state [1, 2] . This question is even more important when it comes to understanding the changes caused by river diversion and/or the installation of water barrage systems. These artefacts in every case cause disturbances in the ecosystem on the local/regional scale, such as changes in (i) water table dynamics [3, 4] , (ii) phytoplankton and zooplankton communities, (iii) migratory routes [5, 6] , (iv) water quality [7] [8] [9] [10] and (v) in surface water-groundwater interactions [11] .
Functioning as one single resource [12] , surface-and subsurface waters pass over the rock forming the river bed, clearly playing a determining role in riparian ecosystems [13] , the quality of the SGW, their nutrient content and the level of the shallow groundwater (SGW). The state of the river bed is crucial to a continuously secure water supply, because the upper couple of centimeters of its sediment is where biotectonic filtration takes place [14, 15] . This not only affects agriculture [16] , but the urban envi-ronment, and by endangering the drinking water supply system [17] , may also affect the quality of life in the region [12, 18] .
One of the main tasks in reservoir management is to map/screen the subsurface water table, to be able to representatively monitor the above phenomena in a costeffective way [19] . This must be done using as few monitoring sites as possible while ensuring representativity (interwell heterogeneity) [20] . One of the most straightforward tools available for the achievement of this aim is the application of the basic function of geostatistics, the semivariogram [21, 22] . With this, the area within which a given groundwater well can be considered as representative in a network can be determined, and the semivariogram also provides the weights for the further interpolation of the measured variables -in the present case water levels -via kriging [21, [23] [24] [25] .
The area under consideration, the Szigetköz, displays the effects of numerous human-induced problems affecting the interaction between surface-and SGW flow along with all of the related environmental aspects discussed above. In 1992 the main branch of the Danube was redirected to an insulated power plant canal that re-joins the original riverbed only 27 river kilometer (rkm) downstream ( Fig. 1) , causing an~80% decrease in runoff in the original channel of the Danube [26] , radically changing the previously obtaining hydrological [27] and hydromorphological [28] conditions. Consequently, the water level in the riverbeds dropped several meters, and by 1993, some of the Danube's branches in the Szigetköz inner-delta had dried up. The subsurface flow conditions of the Szigetköz have been studied using isotope-hydrogeochemical studies using 36 Cl [29] and Tritium/ 3 He [30] measurements. It has been documented that the subsurface waters are mostly of surface (Danube) origin and the flow velocity in the 100-250 m thick Quaternary sandy gravel deposit series is 500-530 m yr −1 , while the main flow direction is NNW-SSE [30] . Based on the preliminary research to explore the surroundings of the Szigetköz (the Kisalföld) in respect of its gravitational SGW flow system using data analysis techniques, it has been documented, that most of the Szigetköz region (except for the highly elevated parts) is a regional discharge zone and mainly depending on the water level of the River Danube [31] . According to the almost a decade long observation, around the upper section of the study area (1850-1835 rkm; Fig. 1 ) active recharge can be observed. Numerical model demonstrates the recharge is prevailing until 100 m below ground around rkm 1845 [32] . Therefore, as the subsurface aquifer of the area stands in close connection with the surface water network, the level of SGW dropped significantly as well [33] .
Recharge from floods is known to change the local groundwater flow conditions (infiltration, mixing, movement) in the aquifer [34, 35] . This becomes even more explicit in the case of rivers with a decreased average streamflow and clogged riverbed. The floods in this case not only increase the streamflow proportionately to a higher degree compared to the average, but by removing the clogged strata revitalize the connection of the surface-and SGW [36, 37] , changing the local spatiotemporal recharge characteristics of SGW [34] .
The study area in this sense is highly exposed, due to the artificially decreased runoff and its clogged riverbed. In addition, in the case of large floods, water is diverted from the cemented power canal back to the original river bed further increasing streamflow. It should be noted that the conditions prevailing in the study area mirror the ones in arid regions [38] [39] [40] . Moreover, with climate change, water resource practices will have to cope with increased climate variability [40, 41] and as a result increased flood risk, especially in arid regions [42] . Thus, obtaining a more in-depth picture of the behavior of SGW recharge and the changes in flow conditions during floods is becoming evermore important to be able to meet the increasing demand for potable water [43] . The first step to achieve this aim is to obtain representative SGW level data [44] from properly planned monitoring systems [45, 46] even during flood conditions.
Bearing in mind the importance of providing representative data regarding the subsurface water table, especially in anthropogenically modified water systems, the main aims of the study were (i) to assess the spatial representativity of the SGW monitoring network of a vastly modified river corridor, the Szigetköz inner-delta, prior to, during and after flood events, and (ii) to model the directional characteristics of the monitoring network's spatial representativity, i.e. to establish whether anisotropy is present, and investigate how this changes with flooding. (Fig. 1 ).
Materials and methods

Study area description and background on river diversion
Regarding the damming and diversion of the Danube in the Szigetköz, in 1989, Hungary withdrew from in the previously agreed Czechoslovakian-Hungarian bilateral hydropower plant construction project. In October 1992, a 58 km section of the Danube in the area of the Szigetköz was diverted into a 27 km cemented power canal [26] at rkm 1851.75 for the Gabčíkovo powerplant (Fig. 1 ) [47] , causing a~80% drop in runoff, changing the hydrological conditions. The project was shut down in 1996 [26] . Up until this point, the level of the SGW in the hydrogeologically quasi-homogeneous and isotropic aquifer of several hundred meters' thickness had been uniform [48] and had been determined mainly by the natural water level fluctuation of the Danube [49] . Prior to the diversion, the Danube had been a source of recharge to the SGW, whereas following the diversion, this process was reversed, and the "abandoned" main riverbed started to tap the SGW along the Hungarian river bank [50] . Over the past 25 years, since the diversion, the mean discharge of the river in the Szigetköz has been at the level of the discharge observed only in arid years prior to 1992 [26] . In such low discharge periods, most of the river bed is clogged with sediment transported from upstream [51, 52] , blocking the interaction between surface-and SGWs [53] . This layer is only broken up and/or removed in the case of floods, which restore the once-normal conditions.
Used data
The dataset used comprised the water levels from 85 SGW wells (average screen interval: 7.3 m, min: 4.1 m, max: 14.5m) over the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . The SGW levels were measured hourly by the North-Transdanubian Water Directorate using, in most cases, automatic loggers (DATAQUA sensors [54] ) in accordance with the Water Framework Directive [19] and based on the 30/2004. (XII. 24.) regulation of the then existing Ministry of the Environment and Water. The three highest recorded flood events since the beginning of automatic SGW level logging were chosen for investigation. One fixed gauge is located in the middle of the study area and additional two in its vicinity (Fig. 1) .
As the study deals with the three largest flood events occurring in the time since continuous measurements have been conducted (2006, 2009 ad 2013; Fig. 1B ), their exact interval had to be determined. Thus, the beginning and the end of the flood were designated as the first and the last points in time when the water level changed at least 20 cm in 12 hours.
Methods
In the course of the research, first a quadratic trend was removed from the data, then variography was conducted (Sect. 2.3.1) on the residuals and anisotropy was assessed (Sect. 2.3.2) on an interpolated grid of SGW levels.
Theoretical background of variography
The basic function of geostatistics [55] , the variogram, was used to describe the spatial autocorrelation structure of the water levels in the study area prior to, during and after high flood events.
The semivariogram may be calculated by the Matheron algorithm [56, 57] :
where N(h) is the number of lag-h differences, i.e. n× (n − 1)/2, and n the number of sites.
The most important properties of the function are: the value C 0 ("nugget") which withholds information regarding the error of the sampling and the analytics; the level at which the variogram stabilizes, the sill (C: partial sill + C 0 : nugget), which is equal to the variance for stationary processes; and the range (a), the distance within which the samples have an influence on each other [58] and outside of which they are quasi-independent [59] . This distance (range) determines the average area of influence surrounding the sample locations, within which the measured values of the variable explored are interconnected. Here it should be noted that in the case of multiple ranges describing any environmental system, it is always the smaller one which has to be used, since this describes that particular detectable phenomenon which already has an effect on the samples, in the present case water levels.
Let us take f (h) as a monotonically increasing function (if h → ∞ then (h) → ∞); then the parameter is non-stationary, and the removal of trend becomes necessary. In the present case, a quadratic trend was removed from the data. In the case of geostatistical isotropy [59, 60] , the spatial range equals the radius of the area of influence, since it is independent of its direction. In the meanwhile, anisotropic variogram models (in the case of geostatistical anisotropy) include directional information in the range parameter, which is the ultimate goal.
Since empirical semivariograms by themselves are not applicable in spatial modeling, they have to be approximated by theoretical functions in order to provide the necessary weights to be used in kriging [21] for the prediction of values at unsampled locations [55, 60] . In the present study, spherical theoretical semivariograms were fitted to the empirical ones and ordinary point kriging was used, since it estimates the value of a point from a set of nearby values. Unlike the other most commonly used kriging method (block kriging), which estimates the average value of the rectangular blocks centered on the grid nodes. In this way, block kriging is not the most appropriate interpolator for the data at hand, because it does not estimate the value at a given point [61] .
Steps taken to assess geostatistical anisotropy
In order to obtain a more in-depth picture of spatial processes, the application of directional variograms is suggested [62, 63] if possible. Thus, the anisotropic characteristic of the spatial autocorrelation structure of the SGW wells was explored. This procedure, however, requires a much denser spatial sampling than the raw data could have provided. This observation was based on the preliminary results, in which the directional variograms were almost in every case of the nugget-type, mostly without a rising section. Thus, no spatial range could have been estimated with variography on the raw data at hand. Nevertheless, the raw data was sufficient to interpolate to the points of an appropriate grid which would then serve as the input for further geostatistical analysis.
Since the average distance of the nearest neighbours is 885.5 m, an empirical longitudinal and latitudinal grid resolution of 500 m was selected, taking into consideration the average distance of nearest neighbours, including zones with lower and higher well density, plus empirical observations of the high well density zones. Data was interpolated to the grid points using the inverse distance weighted method [64] , similar to the procedure followed in other studies (e.g. [65] ). As a result, directional variograms were obtained for the interpolated grid, which then had to be scaled/transformed afterwards on the basis of the original raw data to ensure the representativity of the results in relation to the SGW system. Particular time horizons had to be found in which directional semivariogram fitting on the original raw data was possible in order to derive sufficient information for the later scaling of the results (for details see Sect. 3.1). Thus, in these time intervals the spatial range obtained from the semivariograms on the raw-and gridded data were compared and their ratio calculated. This was later on used to scale the spatial range obtained from the gridded data, providing a sufficient and representative set of information for the plotting of the range ellipses for the study area. In every case, the direction of the range ellipse was considered to be the angle described between the north and the major axes. For an overview on the steps taken, the reader is referred to Fig. 2. 
Used software
The variography was conducted in R 3.3.2 [66] using the gstat package, the grids were obtained with the sp and raster packages, while the mapping was done in sp package and Golden Software Surfer [61] .
Results
Directional variograms
For all investigated flood events directional empirical semivariograms were calculated with a 20
∘ tolerance angle in steps of 7.5 ∘ . As a next step, spherical theoretical semivariograms were fitted to the empirical ones and the spatial ranges were determined (Fig. 3) . Regarding the biggest flood (2013) prior to its arrival in May, the largest range in the direction of the major axis (40 ∘ from north) was 7200 m (Fig. 3A-i) , while the perpendicular range was 3700 m (130 ∘ ) (Fig. 3A-iii) . The ranges in the bisectrices were 5050 m (85 ∘ ) (Fig. 3A -ii) and 5150 m (175 ∘ ) (Fig. 3A-iv) .
A similar pattern was observed regardless of which point in time prior to the flood was chosen for investigation (this is the so-called "normal case"). The semivariograms indicated a temporally stable spatial autocorrelation structure. When the flood arrived in the first days of June, the water level and channel runoff started to increase rapidly (Fig. 1C) , and the semivariograms became "unstable". That is, nugget-type of variograms were obtained, and the semivariograms from consecutive time points showed clear differences. The semivariograms of the SGW levels stabilized again when the whole area became flooded (after 07.06.2013). Thus, it became possible to estimate a range; the variograms from consecutive time points indicated a similar pattern and range in each direction (Fig. 3B : "flooded case"). At this point in time, and in contrast to the "normal case" (Fig. 3A) , the greatest range, 4400 m, was attributed to 130 ∘ from north ( Fig. 3B-iii) , while the perpendicular range was 3450 m (40 ∘ ) (Fig. 3B-i) . The ranges in the bisectrices were 3800 m (85 ∘ ) (Fig. 3B -ii) and 3600 m (175 ∘ ) (Fig. 3B-iv) . Using these spatial ranges, the range ellipses were created (see the yellow ellipses in Fig. 3A, B ). These conditions clearly imply that the range ellipses turned through 90 ∘ due to the flood. , the system's geostatistical anisotropy exists, but a significant change in its direction was not to be observed (Fig. A4) . The ranges obtained from the gridded data were compared to those of the raw data as described in Sect. 2.3.2 and their ratio was found to be 1.5 (Fig. 4) . This relation obtained even if the tolerance angle was increased by 5 ∘ to 25
∘ for the purposes of validation, with more wells analyzed with respect to any one direction. By applying the 1.5 ratio, the ranges obtained from variography performed on the gridded dataset were scaled to be representative for the current set of wells, thus the actual range ellipses were computed.
Data interpretation on 2D maps 3.2.1 Territorial coverage and reliability of the groundwater level monitoring system
To assess the representativity of the SGW monitoring network of the study area, the previously obtained and scaled range ellipses were attributed to each and every well, taking into consideration the number of overlaps -as seen from [24] -prior to and during the flood (Figs 5A & 5B, respectively). It became clear that the number of wells representative of a given location and the area covered by the current SGW monitoring network had changed with the flood (Fig. 5) . Prior to the flood, the unrepresented areas (<1%) were located mostly near the Mosoni-Danube (the surface water furthest from the Danube; Fig. 5A ). After the flood, as a result of the rotation of the range ellipses, the unrepresented areas appear in the middle section of the Szigetköz and a small area near 1815 rkm (Fig. 5B) , slightly decreasing the ratio of representativity to 94%. Nevertheless, in both periods the SGW monitoring network may be considered representative thanks to the high number of overlapping wells in the vicinity of the main branch. Prior to and during the flood, for about 94.5% and 77% of the area, respectively, at least two SGW wells provided overlapping information.
Overall, these results demonstrate that the current SGW monitoring network provides a solid basis for interpolation, because in its present form it covers >94% of the area. Those sub-regions for which only 1 SGW is providing information should be handled with caution, because with the rotation of the range ellipses and/or well failure, representativity could be lost there.
Changes in groundwater flow directions
The spatial variance of the SGW levels (i.e. the change in their geostatistical anisotropy) reflects changes in the topography of the water table, as well [67] . In the interests of a better visualization of this phenomenon, 2D kriged potentiometric maps were plotted. The flow conditions changed to a great extent after the arrival of the flood (Fig. 6) . The major direction of SGW flow changed. In particular, along a 4-6km corridor of the main branch, the NW flow direction rotated to N, while downstream of rkm 1830 it changed from NW to WNW. The reason behind this change in flow direction is the increase in hydraulic potential due to the extending flood front emanating from the Danube. This process overwrites the "normal" flow conditions prevailing in times of no flood. The same process is responsible for the 90 ∘ rotation of the range ellipses as well. Thus, the highest variability in SGW after the flood is to be observed in June perpendicular to the riverbank of the Danube. Also, the error of kriging almost doubled after the flood, while in general the largest error variance was observed near the Mosoni-Danube, due to the lower number of wells (Fig. A6 ).
Discussion
The spatial autocorrelation structure of the SGW monitoring network of the inner delta of the River Danube was explored in order to assure its representativity. However, in contrast to other such studies [68] , a more in-depth as- sessment of anisotropy was made, with numerical evaluations of the representativity and mapping under "normal" and "flooded" circumstances. For example in the Heretaunga Plains agricultural watershed (New Zealand), the SGW monitoring network was evaluated using a geostatistical approach similar to that used in the present study (trend removal, variography and kriging) [68] ; it did not, however document the spatial representativity of the network. In the Chiawopu Basin China, in order to re-calibrate the SGW monitoring network in the vicinity of the Urumqi River, again variography was used, along with kriging [69] . Here, unlike the previous study [68] , the spatial representativity of the network was assessed, and it was found to be underdeveloped [69] . Nevertheless, in neither of the two cases were geostatistical anisotropy and potentially differing high and low water scenarios considered. In additional, however experimental instances, flood situations were taken into account [70] when the representativity of the SGW monitoring network was assessed, but no variography was conducted. It should be noted, that without variography, kriging, that is, an "optimal" interpolation [25, 71, 72] , cannot be carried out, and the maps of the water table thus obtained will necessarily contain a higher degree of uncertainty than those prepared with kriging. There are of course other settings where all the necessary steps were taken (trend removal, variography considering anisotropy and kriging), e.g. in the Danube-Tisza interfluve on SGW levels [24] , or on stable isotopic composition of SGW in Baltic Artesian Basin [73] . However, in such studies, the effects of floods cannot/have not been assessed. In hydrogeological studies such as the current one, in general Darcy calculations [74] are used to quantify flow rates between SGW and surface water, despite the fact that these calculations are per se subject to errors resulting from uncertainties in hydraulic conductivity and other scale-related aspects of the analysis [75] [76] [77] ; these, however, can be minimized with variography and kriging.
Suggestions for the spatial optimization of the shallow groundwater monitoring network -implications after the diversion
Plotting isotropic maps based on the frequent assumption of hydrostratigraphic homogeneity in a SGW table [78] is convenient, but limits the likelihood of obtaining a repre-sentative picture of stream-aquifer interactions. Thus, in the present study, geostatistical anisotropy was taken into account to obtain a representative map mirroring the subsurface flow conditions and changes in SGW levels of the Szigetköz under flooded and non-flooded conditions. As a first step, the different discharge scenarios in which the range ellipses' direction and size varied were considered. These variations could have occurred due to the hydrogeological anisotropy of the aquifer [79] . Nevertheless, the hydrogeologically quasi-homogeneous aquifer, with a thickness of a couple of hundred meters, is in a hydrogeological sense isotropic [48] , and this characteristic cannot change due to a flood, although it shows geostatistical anisotrophy (Fig. 3) . Thus, this idea has to be rejected. A valid explanation, therefore, would seem to be the phenomenon of the directional variability of SGW levels being mirrored in the changing relief of the water table, as seen in a similar study of the Heretaunga Plains [68] . There, the SGW nitrate concentrations were shown not to be homogeneously distributed in space, thus it was suggested that the monitoring network be made denser [68] using similar tools to those applied in the present study.
In the Szigetköz, the representativity of the SGW monitoring network changed when the floods modified the subsurface flow directions, which was only to be expected [80] . This, in turn, was mirrored in the change in direction of the range ellipses, with their magnitude of overlap (%) being modified at more than 85% of the wells (Fig.  A2) . Before flooding ("normal case"), perpendicular to the Danube and parallel to the sets of SGW wells there were areas (1-3 wells overlapping) with significantly low representativity (Fig. 5A) . Though unfortunate, this situation was not the result of erroneous planning. Prior to the diversion of the Danube the main flow direction from surface-to SGW was indeed perpendicular to the river [49, 50] , providing the basis for the setting of the current SGW monitoring network. The first sets of SGW wells were installed in 1986-1988. However, due to the decrease in runoff caused by the diversion of the river, the main flow direction changed to one parallel to the river, causing decreased perpendicular representativity (Fig. 5A) . Since in the last 25 yrs these flow patterns were the most determining [26] , a reorganization of the monitoring network, with the setting up of additional SGWs, is suggested. Additionally, this implies, that the reliability of the network is affected by flooding, urging the exploration of the directional dependence of the spatial autocorrelation structure (representativity) in the case of any similar SGW network.
By comparing the error variance map of the interpolation (Fig. A5) with the overlap of the range ellipses (Fig. 5) , the previously discussed assumptions were verified. The error of the interpolation is the smallest where the most wells have overlapping range ellipses. The highest uncertainty is be seen, in the sub-regions with the most scarce SGW well density (e.g. parallel with the Mosoni-Danube; Fig. A5 ). During floods, the variance of SGW levels increase due to the recharge from the river causing the variance of the interpolation to almost double. In 2013 the suddenly increased yield of the river was capable of (radically) decreasing the degree of riverbed clogging. It is therefore expected, that as a result the discharge location of the SGW flow on a local scale [80] . This process manifested itself in the turned range ellipses, and may well serve as the basis of an explanation for other findings from the area. It should be noted, that in the present study, SGWs with similar screening depth were investigated. Moreover, delineation of local, intermediate and regional flows system was beyond the scope of the study. To explore the vertical flow component, data from different screen depths would be needed. Nevertheless, it can be suspected that the removal of the clogged strata from the riverbed and the recharge from the Danube to the groundwater in the case of high river discharge (couple of meters increase in water level) does not change the regional flowpaths outflow location. The local phenomena assessed in the two months, can only temporarily change the regional flow characteristics, which operate on a much larger spatiotemporal scale [81, 82] . The main driving factor of the SGW levels of the Szigetköz on an annual scale is the water level of the Danube (r 2 = 0.97) [49] . This relationship, however, was seen to weaken after 1996, then suddenly reinforced in 2002. The reason for this phenomenon has not yet been fully clarified, but the results presented here may provide an explanation. After the diversion (1992) and the installation of the temporary water supply channel system [26] , the settled fine grained sediment continuously increased the clogging of the riverbed [32, 83] , blocking communication between the surface-and SGWs [84] . This became most significant after 1996, though in 2002, based on the present results, it may be suspected that the flood was capable of breaking up the clogged strata, restoring communication, and resulting in a strong linear relationship between the Danube and SGW levels once again. Nevertheless, it is not clear whether, besides increasing the interflow between the surface-and SGWs, a high sudden discharge is capable of removing all of the clogged strata [85] , but it will surely change their biogeochemical [86, 87] and mechanical [88] characteristics, as well as increasing the communication between the two waterbodies [83, 89] . Furthermore, after the flood, clogging is revitalized and starts to build up again from not only local, but with sediment brought from upstream. This implies that if the turn of the range ellipses was only defined by the suddenly increased discharge during floods, those should have returned to their original positions quite quickly after the flood had passed. In reality, however, it took about 2 months for the system to show the original spatial autocorrelation patterns once again (Fig. A1 ). This is a comparable amount of time to that required for the replacement of the clogged strata lost during the flood [14, 88] , and in stark contrast to the approx. 2 weeks it took for spatial autocorrelation patterns to change when the flood came. It may therefore be concluded that the post-flood process tracked by the turning back of the range ellipses cannot be solely explained by the decreasing discharge of the Danube with the passing of the flood, but rather by the rebuilding of the clogged strata. Until the riverbed is covered with the fine grained sediment to a degree as before the flood, the SGW levels will indicate a higher variability perpendicular to the river.
Change
Methodological outlook on the benefits of assessing anisotropy
From the results presented, it becomes evident that the assessment of anisotropy is capable of yielding a great deal of excess information in contrast to the "simple" isotropic geostatistical model. In the present case, although both the anisotropic - (Fig. 6 ) and isotropic ( Fig. A3 ) models indicate an infiltration zone in the general, overall sense, the flow directions are different, and the anisotropic model clearly provides the more precise picture. Thus, if the aim is to (i) derive maps of interpolated SGW levels [90] , (ii) recalibrate, optimize the current network, [67, 91] (iii) provide input data for deterministic flow modeling [92] etc., the anisotropic geostatistical model should be used.
Conclusions
When the representativity of a monitoring system is assessed in any geological/hydrogeological setting, if possible geostatistical anisotropy should be considered. In the present study, the representativity of the SGW monitoring network in a river corridor was assessed during different discharge scenarios taking geostatistical anisotropy into account. It was found that during floods the main direction of the spatial variance of the SGW monitoring wells turns in two weeks parallel the river, but after the flood passes turns back to the original position much more slowly (approx. 2 months). It is suspected that this is caused by the fast removal of the clogged strata of the riverbed by the flood and its slower build up after the flood passes. This in turn implies that clogging affects the subsurface flow conditions both direction and flow velocity even at some distance from the riverbed. In addition, it was also shown that if the aim is to derive interpolated maps of SGW, the directional dependence of the network should be assessed, thus a much more precise and representative picture will be obtained of the subsurface water system than with an ordinary isotropic geostatistical investigation. 
